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(57) ABSTRACT 

There is provided robust diameter-control led optical liber 
during optical fiber drawing process and an optica! fiber 
drawing process which comprises drawing the optical fiber 
from a perform therefor under tension to form the optical 
fiber while heating and melting the preform, wherein an 
outer diameter of the preform is measured (at a safe position 
immediately) above the furnace, an outer diameter of the 
optical fiber on which no coating has been provided is 
measured at one process position or two process positions 
before coating, and drawing conditions are robustly con- 
trolled based on the deviation of the measured optical liber 
diameter data and the measured preform diameter data from 
a preselected outer diameter of the optical fiber and a 
preselected outer diameter of the preform. 

7 Claims, 11 Drawing Sheets 
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ROBUST D1AMKTER-CONTROIXED 
OPTICAL FIBER DURING OPTICAL FIBER 
DRAWING PROCESS 

This application is related to the provision Patent Appli- 
cation No. 60/250,962 with a filing date of Dec. 4, 2000. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Not Applicable 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not Applicable 

REFERENCE TO SEQUENCE LISTING, A 
TABLE, OR A COMPUTER PROGRAM LISTING 
COMPACT DISK APPENDIX 

Not Applicable 

BACKGROUND OF THE INVENTION 

!. Field of the Invention 

The present invention relates to optical fibers and a 
process for optical fiber drawing. 

2. Description of the Related Art 

Optical liber drawing process is an important period of 
optical fiber manufacturing. 

A conventional drawing process of optical fiber is as 
follows. A completed preform is fed slowly into a furnace 
where Ihc preform end is healed lo about 2000" C. and 
soften. The soften glass forms a globule falling down from 
the furnace, through the other stages of the drawing process 
and onto a take-up spool. The stages thereof are outer 
diameter measurement, fiber cooling stage, fiber coating 
stage, coating concentrity measurement, curing stage, coat- 
ing diameter measurement, fiber drawing capstans, proof 
test and winding on take-up stool. The feeding speed 
depends on the furnace design, preform diameter and draw 
speed. The optical liber which has just left the furnace and 
is remaining intact is called "bare fiber" Usually, the 
required fiber diameter is controlled by varying the fiber 
draw speed while keeping furnace temperature and preform 
feeding speed constant. This is accomplished by monitoring 
the fiber diameter immediately as it comes out of the furnace 
by using one of several types of non-contacling methods, 
such as laser light scattering (James J. Reii. Fiber optic 
Cahh - A Light Guide). Then, the controller uses this output 
signal of diameter measurement to automatically adjust the 
speed of the drawing capstans to obtain the correct output 
diameter. 

The fiber cools down after leaving the diameter monitor. 
There may be a cooling device or just a natural cooling 
stage. Then, it has a protective plastic coating applied in 
order to preserve strength, to isolate itself from external 
force and lo avoid microbending losses. There are two 
coating stages: one inner soft primary coating and another 
outer hard secondary coating. After coating applicator, a 
monitor measures concentricity which is another important 
specification. Then, the fiber passes a curing furnace/lamp. 
After coaling and curing stages, a second diameter monitor 
is used to measure coated fiber diameter, i.e.. to provide 
coating diameter measurement. 
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Next stage after coating 3nd curing is to pull fiber on to 
a take-up spool. The fiber passes drawing capstans and 
wounded on to a take-up spool. There is a proof test, which 
may be an on-line test before the fiber is placed on the spool 

5 or an off-line test after the fiber is placed on the spool. The 
test may include a strength and tension test. In this fiber 
take-up stage, winding tension is kept low and the drum's 
surface is wrapped whh a soft foam to cushion the fiber from 
the drum's surface in order to minimize the effect of added 

10 microbending losses. Refer to FIG. 11 to show this conven- 
tional drawing process (James J. Refi, Fiberoptic Cable— A 
Light Guide), 

It is known to employ a control method in which varia- 
tions in the externa] diameter of the optical fiber are fed back 

15 to a pulling capstan. FIG. LI (Prior An) is a schematic 
diagram of a conventional drawing apparatus utilizing such 
a control method. An optical fiber preform 2 is melted in a 
heating furnace 3, pulled by a capstan 13, and formed into 
an optical fiber 5. The external diameter of the optical filler 

20 5 is measured by an external diameter measuring instrument 
20 which is located just downstream of the heating furnace 
3. Thereafter, the optical liber 5 is coated with a re-sin by a 
coating unit 6. and then pulled through a resin curing furnace 
9. 

25 The external diameter measurements from the external 
diameter measuring instrument 20 arc fed back to the control 
system of the pulling rate of the pulling capstan 13 so that 
the optical fiber has a consistent, predetermined external 
diameter (normally 1 25 urn). 

X) A diameter of the bare fiber is measured by a measuring 
device 20 before the coating steps 6 and 9, whereby condi- 
tions during the drawing are controlled so that the outer 
diameter of the fiber 5 is to be a preselected one. 

A position a! which the diameter measuring device is 

35 disposed has not been thought to be critical, and the device 
is usually located immediately below the drawing furnace as 
shown in Japanese Patent Kokai Publication No. 295260/ 
1986. 

The main reason to locate the measuring device close to 

40 the furnace is to reduce the time lag and to increase a control 
gain when fluctuation in the diameter of the optical liber has 
lo be suppressed by controlling a drawing rate depending on 
an output signal from this measuring device. 

If there is anything to limit the position of the measuring 

45 device, it has been that the measuring device should not be 
directly subjected to a strong radiation light from a lower 
portion of the furnace 3 to avoid being heated to a remark- 
ably high temperature, i.e., located at a safe place. 
Thus, as mentioned in U.S. Pat. No. 5,073.179/1991. in 

50 the conventional production of the optical fiber, usually a 
distance between the outer diameter measuring device 20 
and the coating die 6 is longer than that between the drawing 
furnace 3 and the measuring device 20, or a forced cooling 
device is disposed between the measuring device 20 and the 

55 coating die 6 in order to achieve a better resin coating. 
Jt has been noticed that the drawing rate of the optical 
liber in drawing process is remarkably increased from a 
conventional drawing rate with the order of 100 m/min and 
it is reported that, in an experimental scale, a rate of 1000 

fio m/min has been realized. When such a high drawing rate is 
employed in the conventional process in which the measur- 
ing device is located immediately below the furnace, it has 
been found that the outer diameter of the finished optical 
fiber is extremely smaller than ihc diameter which is mca- 

65 sured with the measuring device 20. In order to meet an 
accuracy requirement in optical fiber diameter, U.S. Pat. No. 
5,073,179/1991 proposes a modified fiber drawing process 
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(sec FIG. 10 Pre Art) wherein an outer diameter of the 
optical fiber 5 on which no coaling has been provided is 
measured at position 30 at which shrinkage of the outer 
diameter of the optical fiber, while stretched, is not larger 
than 0.5% preferably 0.5 to 0.3% and drawing conditions are 5 
controlled with a deviation of a measured diameter at 
position 30 from a preselected outer diameter. 

As used herein, the term "shrinkage" is intended to mean 
a ratio of difference in diameters between the optical fiber at 
the measuring position and the optical fiber once it has io 
finished shrinking. 

For example, the accuracy of the diameter of a quartz base 
optical fiber is usually required to be in 125 um±l urn. 
Taking account into an accuracy of the measuring device 
itself and the fluctuation in the diameter of the optical liber l - s 
during the production, a deviation of the measured diameter 
with the measuring device from a true diameter of the 
finished liber should be not larger than 0.5% of the outer 
diameter of the finished fiber. Thus, a desirable process has 
been developed with a goal to reach the deviation of 0.5% 20 
or less in U.S. Pat. No. 5,073, 179/1 99 1. 

The position at which the measuring device 30 is disposed 
is determined on the basis of the estimation of the fiber 
temperature according to the following equation (1) and 
experiments; 25 
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where T(O) is a room temperature (°G). T(S) is a tempera- 
ture f°C) of an optical fiber immediately after leaving a 10 
furnace, Z (m) is a distance from an outlet of the furnace to 
a position at which an outer diameter of the optical liber is 
measured, V(F) is a drawing rate (or linear velocity) (m/tnin) 
and "a" is a constant determined with the diameter, a specific 
heat of the opiical fiber and a thermal conductivity between 35 
the optical fiber and an atmosphere. 

For the experiments, first, the difference between the 
measured outer diameter at position 30 in FIG. 10 and the 
true one is obtained with varying the position of the mea- 
suring device. Then, a relation between the difference and 40 
the measuring position 30 is established. Finally, the posi- 
tion 30 is determined at which the difference is less than 
0.5%. Thus, the measuring device can be located at that 
position 30 and an optical fiber having a better accuracy is 
produced. It provides a better results comparing with early 45 
conventional method. However, it may not robustly main- 
tain a high accuracy due to many disturbance factors, 
perturbations, and environment changes, as well as drawing 
speed level changes mentioned in the following paragraph. 

It also takes time to delect the outer diameter of the fiber 50 
which is under increase in its diameter in the case of small 
drawing rale, whereby a time Jag arises in the control. When 
the drawing rate is small, detection of the outer diameter is 
carried out with the measuring device at one location 31 
nearer to the furnace and when the rate is increased, the 55 
detection is carried out with the measuring device at another 
location 32 below the former location. Alternative!)', only 
one measuring device is used which can move along the 
optical liber depending on the drawing rate, it was described 
in U.S. Fat. No. 5,073,179/1991. m 

Further, a forced cooling device for the optical fiber is 
provided between the furnace and the outer diameter mea- 
suring device, whereby the distance between them can be 
shortened. In this case, the diameter of the opiical liber is 
also measured at a position 30 at which the shrinkage of the 65 
outer diameter is not larger than 0.5%. When the drawing 
rate is largely exceeds 300 m/min, such a construction is 



especially suitable since large scaling of the apparatus can be 
avoided and a prompt response can be obtained. 

As described above, the absolute value of the outer 
diameter of the optical fiber which has been shrunk is 
measured within a preselected shrinkage range 0.5%, 
whereby the optical liber with better accuracy in its si/c is 
produced. However, it is noticed that the diameter of the 
optical fiber is still not robustly controlled. 

However, furthermore, from equation O ). it is noticed that 
the faster the drawing speed V(F) is, the higher the tem- 
perature of the optical liber at a fixed position Z is. h is also 
noticed that when the drawing speed increases; i.e.. from 
100 m/min to 300 m/min, the position for the outer diameter 
measuring device is changed in this method. 

Thus, necessary adjustment is needed to find the position 
at which the measuring device is disposed within the pre- 
selected shrinkage range 0.5%. 

U.S. Pat. No. 5,443,610/1995 recognizes that the first 
measurement of the fiber diameter made on bare fiber in the 
region of the preform root, i.e., below the furnace, using an 
interference technique is not sufficient for a good control for 
the fiber diameter in view of error due to the fluctuation in 
the root with tractor speed. Different from U.S. Pat. No. 
5,073,179 moving the diameter measuring device further 
from the furnace as the speed increased, U.S. Pat. No. 
5,443,610 suggests to combine litis first measured signal 
together with a second diameter measurement of a coated 
fiber after coating device into an overall control signal for 
drawing speed control in order lo reduce ihe etfeei of such 
error on the overall control signal. However, it is still lack of 
a high accuracy measurement of the finished bare fiber 
diameter in both U.S. Pat. Nos. 5.443,610 and 5,073.179. 

It is noticed that when the external diameter of the optical 
fiber varies due the presence of contaminants, such as 
microscopic particulate matter, the variation in external 
diameter is detected by the external diameter measuring 
device. 

However, if bubbles or the like remain in the optical fiber 
preform over some length as it is drawn, the pulling rate of 
the pulling capstan 13 is suitably altered to maintain a 
consistent external diameter of the opiical fiber 5. Accord- 
ingly, the external diameter measuring instrument 20 cannot 
detect irregular portions of the opiical fiber 5. However, the 
bubbles may collapse when the optical fiber is drawn, even 
though the external diameter is controlled. Consequently, the 
core of the optical fiber defonns and causes increased 
(ransrnission loss. U.S. Pat. No. 5,449,393/1995 US cs a 
feedback control based on detecting irregular ratio of pulling 
rale to a predetermined time period. 

To reduce a lag. the measurement device 20 is located 
immediately below the furnace; while to reduce the inaccu- 
racy of outer diameter due to a shrinkage, the measurement 
device 30 is located within a shrinkage range of 0.5% with 
an estimate or experiments in U.S. Pat. No. 5,073,179. 

In response to a hot market demand, the fiber drawing 
process becomes a high speed process to make high pro- 
ductivity. The preform becomes larger and larger and the 
drawing speed of the optical fiber in the drawing process 
becomes faster and faster. When preform becomes larger 
and larger, a unit deviation of the diameter of a preform from 
the preselected diameter will bring a larger area deviation 
and further a larger mass deviation of the preform from the 
preselected form. 

Due to many physical and chemical factors, and environ- 
ment changes, the preforms have fluctuations in their outer 
diameters within one preform and among different preforms. 
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Thus, the diameters of various performs and the diameters of variable and an important required specification. The posi- 

one perform at di Herein locations are not uniform. lion for this measurement does not need any adjustmeni for 

It is known that two major origins of fiber diameter different drawing speeds. Thus, it avoids shrinkage ratio 

fluctuation are temperature fluctuation of the furnace and the calculation and experiments for searching a suitable position 

preform outer diameter fluctuation. The former origin usu- 5 to locate this outer diameter monitor. Only consideration 

ally causes short term fluctuation and the latter usually needed lor the monitor position is that it is nearest to coating 

causes long term fluctuation of the fiber diameter fluctua- device and safe for the monitor. Finally, this measurement 

lion. Thus, it is important to know the preform diameter for provides the highest accurate outer diameter measurement of 

the capstan drawing speed control and the preform feeding the finished bare fiber among any possible measurements 

mechanism control in the drawing process control system in 10 above the coating device, ft minimizes the difference 

order to get a perfect diameter for the bare fiber. However. between the measurement and the exact/true outer diameter 

there are no preform diameter measurement step and its of the finished bare fiber. 

device during the conventional optical liber drawing pro- In control viewpoint, it is necessary to measure the final 

cesses currently. outer diameter of the bare fiber in order to control exact 

In order to compromise the reduction of the tunc lag and t? outer diameter of the bare fiber, and then to use the deviation 

the accurate measurement of the fiber outer diameter con- of this exact bare fiber diameter from the preset diameter for 

ventional methods set the outer diameter measurement of the feedback control. It means that a measurement should locate 

bare fiber either near the furnace, or within the 0.5% at a position just before the coating step. However, no 

shrinkage range, or at an adjustable position keeping the current conventional methods have mentioned this way for 

shrinkage range but as near the furnace as possible for the 20 the outer diameter measurement of the bare fiber, 

different drawing speeds. In order to solve the time lag problem and the highest 

ft is still critical to find a novel method to solve bolh the accurate measurement requiremem for optical fiber, ihe 

measurement lag problem and the shrinkage problem. In present invention keeps a conventional outer diameter mea- 

other words, conventional methods must be at the sacrifice surement at a safe position just immediately below the 

of either accurate measurement or prompt reaction due to 25 furnace. The reason for this measurement is that this mea- 

only one outer diameter monitor 20 or 30 for the bare fiber surement has the smallest time lag among any possible 

5. measurements below the furnace in order to use this mea- 

Furthcrmorc, it should be noticed that no convention surement signal for the fiber drawing process control in face 

method intends to monitor a finished bare fiber diameter of the temperature fluctuation, the humidity fluctuation and 

which is really an important specification, e.g., 125 um f jo dust particles in the furnace. 

before the coating step. However, in order to control exact The present invention has a new outer diameter measure- 
outer diameter of the bare fiber with the highest accuracy, it ment of the preform at a position before the melting step in 
is not only important but also necessary from the viewpoint the furnace, usually at a safe posilion just immediately above 
of control system to measure the final outer diameter of the the furnace. As the preform becomes larger and larger, this 
bare liber on-line for generating feedback signals to the 35 measurement becomes much more important to robustly 
whole control system. control optical fiber diameter accuracy, especially, in view of 
As the requirements for accuracy in optical fiber diameter that the preform outer diameter fluctuation is one major 
increase and the minimization of fluctuation in that diameter origin of fiber diameter fluctuation, 
become critical as the result of the connection between fibers This new preform outer diameter monitor provides useful 
becoming better, development of a process which improves 40 information of the preform diameters not only regarding the 
the accuracy of the outer diameter of the optical fiber is fluctuation of preform outer diameter but also regarding the 
highly desired. In view of the material fluctuation, pertur- end shape of the preform for the liber drawing speed control 
bations of preforms, disturbances in the furnace, and envi- and the preform feed mechanism control during the optical 
ronment changes, the optical fiber needs a robust optical fiber drawing process. 

fiber drawing process control to produce robust diameter- 45 In the present invention, the measurement signals from 

controlled optical fiber. the preform outer diameter, the bare fiber diameter just 

In all, current conventional fiber drawing processes are leaving the furnace and the finished bare fiber diameter just 

lack of robust control for the fiber diameter. before coating arc fed back to the optical fiber drawing 

process control system to robustly control the drawing speed 

BRIEF SUMMARY OF THE INVENTION 50 of the capstan and the feed speed of the preform reed 

mechanism. 

It is an objective of this present invention to provide a According to the present invention, there is provided a 
highly robust diameter-controlled optical fiber. drawing process for producing an optical fiber which corn- 
Further, it is an object of the present invention to provide prises drawing the optical fiber from an outer diameter 
a drawing process for producing an optical fiber in which a 55 monitored preform therefor under tension to form the optical 
high accuracy of an absolute value of an optical fiber fiber while heating and melting the preform, wherein the 
diameter is ensured. Especially, a deviation of a measured outer diameter of the optical liber on which no coating has 
outer diameter with a diameter measuring device from a true been provided is measured at two different process positions, 
diameter of a finished optical fiber can be minimi7ed, which one of which is at a safe position immediately below the 
is much smaller than that as obtained in the conventional 60 furnace and another of which is at a safe position immedi- 
processes. ately above the coating device where the bare fiber is 
It is found that an outer diameter measurement at a safe finished, and drawing conditions are robustly controlled 
position just immediately above the coating device provides based on the measurement data from all these measurement 
not only an exact on-line measurement for the outer diam- instruments. 

eter of the finished bare fiber, but also an important feedback 65 In the present invention, one choice of control law can be, 

signal for drawing process control to adjust its capstan speed but not limited to. based on a deviation of a final measured 

because the finished hare fiber diameter is a required control diameter of the bare fiber coming into the coating step from 
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the specified ouler diameter, a. deviation of a measured 3. A schematic of robusi diamclcr-comro I led optical fiber 

diameter of the bare liber leaving from the furnace from a drawing process with one bare fiber diameter monitor: 

preselected outer diameter, and a deviation of a measured 4. Another schematic of robust diameter-controlled opti- 

outer diameter of the preform coming into the furnace from cal fiber drawing process with one bare fiber diameter 

a preselected outer diameter. It may also be based on the 5 monitor considering shrinkage; 

fluctuation data from the current measurements in the above- 5. Another schematic of robust diameter-controlled opti- 

mcntioned diameter measurement monitors and the ones as cal fiber drawing process with one bare fiber diameter 

certain period measurement history data. monitor considering shrinkage at an adjustable position; 

In one preferred embodiment of the present invention, a 6. A schematic of robusi diameter-controlled optical fiber 

temperature of the optical fiber at the measuring position of to drawing process with only one bare fiber diameter monitor 

the outer diameter of the bare fiber which is just above the near the furnace; 

coating device is much lower than the glass softening point 7. A schematic of robust diameter-controlled optical fiber 

of the material of the optical liber. drawing process with two bare liber diameter monitors; 

In another preferred embodiment of the present invention, 8. Another schematic of robust diameter-controlled opti- 

a drawing rate (or linear velocity) from the preform is varied ^ cal liber drawing process with two bare fiber diameter 

depending on the deviations in order to control the outer monitors; 

diameter of the optical fiber. 9. A schematic of diameter-measured optical fiber draw- 
Variations of the present invention can include a combi- in 8 P roccss i 
nation of any partial invention in the present invention and ia A schematic of "P^aJ fiber drawing process (Pre Art 
any current conventional optical fiber drawing method or 20 ' ,: 

any mixture of current conventional optical fiber drawing 11 Another schematic of optical fiber drawing process 

method. (Pre Art 2). 

When twice outer diameter measurements are selected Ha 1 is 3 sch ematie diagram showing one preferred 
between the drawing furnace and the coating device, the first embodiment of the present invention, in which an outer 
measurement device can be located at a safe position imme- 25 dtameter measurement device is located immediately above 
diatcly after the furnace, and the second measurement device thc furnacc ^ P rovidcs thc ou(cr diameter data of the 
can be located at a sale position immediate above the coating P retorm to the conlroI svslem: ™ mtter diameter measure- 
device. When one outer diameter measurement is selected mcnt dcvicc IS Iocatcd immediately below thc furnacc and 
between the furnace and coating device, the measurement P r ° v, dcs thc outer diameter data of the bare fiber to the 
device may be located at an adjustable position, either at a 30 contro1 s y stem; and an 0llter diameter measurement device 
position immediately before the coating step, or at a position IS ,ocated ""mediately above the coating dev.ee and pro- 
nt which shrinkage of the outer diameter of the optical fiber. vidcs the outer dianietcr data of the finished barc fiber ro ^ 
while stretched, is not larger than thc barc fiber diameter ^mrol system. 

accuracy requirement, or at a safe position immediately H,G 2 IS a sctewrialic diagram showing another embodi- 
below the drawing furnace 35 menl ^ e P rescnl invention, in which an outer diameter 
This present invention includes a control for optical fiber measurement ?f vice is located immediately above the fur- 
drawing process based on the all or partial above-mentioned "** ;md ***** U* outer diameter data ol the preform to 
measurement data and/or the all or partial conventional [he control system; an outer dmmeter measurement device is 
measurement data. e.g.. from a „ outer diameter measure- 4n ^ a tcd immediately below the furnacc and providcs thc 
ment device located at a position at which shrinkage of the 40 ou f diamcl " dala of ,bc barc f,bt:r 1 10 lhc c " mrcl 
outer diameter of the optical fiber, while stretched, is not and an outer di™^^ 

larger than 0.5% preferably 0.5 to 0.3%, or from an outer a " a ?f ^ 01 ° ^ above the coaling device 

diameter measurement device located immediately below and ^ s .^ ™* d,ameter data of fiber with 

thc furnace, during thc optical fiber drawing process. Thus, estimated 7 ? dimWr en ° r ^ il5% ~ 03% 

it is a kind of robusi control in race of fluctuations of the 45 to ^ c( > ntro1 s { stem *. , - , 

preform outer diameters and fluctuation of the bare fiber F1C \ 3 ! s a schcmaUc dia P m sho ^ 11 ?- a ^"hcr cmbodi- 

outer diameters due to various factors including the furnace mem ° f lhe P 1 ^." 1 mV f m ™> ,n Wm , ch an ™™ d,am f er 

temperature fluctuation measurement dcvicc is iocatcd immediately above thc tur- 

T . . . ... ... nace and provides the outer diajneter data ot the preform to 

lhc present invention providcs a very high quality ot »u . i . j i i_ j« 

rt „.;«ot «u«„, -*u — u .i |i j ° ;^ " : 50 the control system; and only one bare fiber outer diameter 

optical fiber with robust y control ed diameter of the optical . . i , . . , . . 

f,Y .,. • ■ i H measurement device is located immediately above thc coat- 

fibcr with very high diameter accuracy. jng devjce ^ ||w omer of rhe 

This present invention can also improve the strength of bare fiberjust coming into coating step to the control system, 

the optica fiber in view of a robustly controlled diameter of Fia 4 is a static diafiram showing a ftlrther embodi . 

the optical fiber and robustly smooth drawing process due to 55 ment of the t invemion> in which an outer diameter 

the contribution to the control system from the above- measurement dcvicc is iocatcd immediately above thc fur- 

mentioned invented on-hne ouler diameter measurements ol nacc and pmvidcs lhc outcr diamcIcr dala 0 r lhc prc r orrn to 

the bare fiber and the preform. the contro , system; and on|y one hber QUter djameler mea _ 

nn^DiDi iAM /■«.■ tul onv/iro * , surernent device is located at a position within a shrinkage 

V IfcW b Uh 1 Hh DRAWINGS device and provides the outer d i ame te r data of the bare fiber 

with estimated finished, diameter error range within 

Listing of all figures: 0.5%-0.3% to the control system. 

1. A schematic of robust diameter-controlled optical fiber FIG. 5 is another schematic diagram showing a further 
drawing process; 65 embodiment of the present invention, in which an outer 

2. Another schematic of robust diameter-controlled opti- diameter measurement device is located immediately above 
cal fiber drawing process; the furnace and provides the outer diameter dara of the 
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preform to iho control system; and one fiber ouier diamelcr 
measurement device is located at a different position 31 or 
32, in which, when the drawing rate is small, detection of the 
outer diameter is carried out with the measuring device 31 
and when the rate is increased, the detection is carried out 5 
with the measuring device 32. Alternatively, only one mea- 
suring device is used which can move along the optical fiber 
depending on ihc drawing rate. 

FIO. 6 is a schematic diagram showing another embodi- 
ment of the present invention, in which an outer diameter 10 
measurement device is located immediately above the fur- 
nace and provides the outer diameter data of the preform to 
the control system; and only one outer diameter measure- 
ment device is located immediately below the furnace and 
provides the outer diameter of bare liber just out from the i5 
furnace to the control system. 

FIG. 7 is a schematic diagram showing one embodiment 
of the present invention, which includes two on-line outer 
diamelcr measurement devices: one outer diameter measure- 
ment device is located immediately below the furnace and 20 
provides the outer diameter data of the bare fiber to the 
control system; and another outer diameter measurement 
device is located immediately above the coating device and 
provides the outer diameter data of the finished bare fiber to 
the control system. 25 

FIG. 8 is a schematic diagram showing one embodiment 
of the present invention, which has two on-line outer diam- 
eter measurement devices between the furnace and the 
coating device: one outer diameter measurement device is 
located immediately below the furnace and provides the 30 
outer diameter data of the bare fiber to the control system; 
and another outer diameter measurement device is located at 
a position with a shrinkage range of 0.5%~0.3% and pro- 
vides the outer diameter data of the bare liber with estimated 
finished diameter error range within 0.5 ( &~0.3% to the 35 
control system. 

FIG. 9 is a schematic diagram showing a variation of an 
embodiment of the present invention, which includes only 
one on-line outer diameter measurement device which is 
located immediately above the coaling device and provides 40 
the outer diameter data of the finished bare fiber to the 
conuol system. 

FTG. 10 (Prior Art) is a schematic diagram illustrating an 
improved conventional optical fiber drawing process (ref. to 
U.S. Pat. No. 5,073,179). 45 

FIG. 11 (Prior Art) is a schematic diagram illustrating a 
conventional optical fiber drawing process (ref. to James J. 
Rcfi, Fiber optic Cable — A Light Guide). 
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The requirement for a high quality fiber drawing process 
includes the followings: 

A uniform fiber diameter as industry requires, e.g., usually 55 

125 um for the glass; 
A uniform coating making a coated fiber diameter such as 
of 250 um; 

Concentricity of liber glass and coaling layers; 

A constant tension to satisfy the mechanical strength and m 
avoid microbending; and 

A high speed process to make high productivity. 

The optical fiber diameter is very important to reducing 
the loss of light transmission. It is an important issue to get 
high grade optical fiber with the specified optical liber 65 
diameter and needed accuracy of its optical fiber diameter. 
Most fibers produced have a diameter of 125 um with 



deviations of less than I um required for cabling and 
splicing. Certainly, the smaller the deviations of the optical 
fiber diameter, i.e., the higher accuracy of the optical fiber 
diameter, the better the performance of optical fiber is. The 
optical fiber diameter is effected by many factors during the 
optical fiber drawing process. The main factors include the 
furnace temperature fluctuation, the preform diameter fluc- 
tuation, the drawing speed by the capstan, and the preform 
feeding speed. It is well know that in the stable liber drawing 
process, the resulting size of the bare fiber relative to the size 
of the preform is determined by the drawing speed of the 
fiber relative to the feed rate of the preform as described in 
the following equation (2): 



where v /7 is the fiber drawing speed, v r is the preform feeding 
speed, D is the preform diameter and d is the fiber diameter. 
It is obvious from equation (2) that the preform diameter is 
one major factor for determining the fiber drawing speed. 

Thus, it is important to have a preform diameter monitor 
to measure the preform diameter D for securing a high 
accuracy of the finished optical fiber diameter d during the 
optical fiber drawing process. It is a main part of this present 
invention for the robust diameter-controlled optical fiber. 

Further, it is noticed that due to the above-mentioned 
requirement of a high speed drawing process for a high 
productivity, the preforms become larger and larger in both 
diameter and length. Suppose a fluctuation AD in a preform 
diameter, in order to maintain the exact same diameter d of 
the optical fiber, the liber drawing speed should have an 
adjustment amount Av^ and the preform feeding speed 
should have an adjustment amount A\y as follows: 



which is derived from equation (2). Thus, when the preform 
diameter becomes larger, a same deviation AD needs a larger 
adjustment Av^ of the fiber drawing speed or a larger 
adjustment Av r of the preform feeding speed in order to 
maintain the exact required outer diameter d of the optical 
fiber. It proves an urgent requirement for a preform diameter 
monitor during the fiber drawing process in presence of 
fluctuation of the preform diameters when the preform 
diameters become larger 

The location in which the fiber is formed and is mainly 
changing its size is the furnace zone. Thus, the position to 
locate a preform diameter monitor should be as near to the 
furnace as possible. If there is anything to limit the position 
of the measuring device, it has been that the measuring 
device should not be directly subjected to a strong radiation 
light from an upper portion of the furnace to avoid being 
heated to a remarkably high temperature. This arrangement 
should reduce the lead-time of the preform diameter data 
comparing the diameter data at a position in the furnace 
where the glass is melting and drawing into the fiber. For a 
high accuracy control, it may save a memory size in the 
control system. 

Tins preform diameter measurement signal is fed back to 
both capstan speed control system and preform feeding 
speed control system during the optical fiber drawing pro- 
cess. 

As above mentioned in the summary part, in order 
robustly to control the finished optical fiber diameter with a 
very high accuracy, it is necessary to measure the final 
optical fiber diameter just before the coating step. The 
reasons are the followings: 
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1. First, ii is the exact finished optical fiber diameter pro- device in order to provide very high accurate measurement 
viding an exact bare optical liber diameter record for the of the outer diameter for the finished bare liber. 

optica) fiber products; Generally, the outer diameter of the preform is gradually 

2. Second, it can avoid any conventional "ahead" diameter reduced in the furnace corresponding to an axial change of 
measurement estimation error for the exact diameter of 5 the preform temperature (therefore, a viscosity change of the 
the optical fiber: preform material). Further, a size of the shrinking portion of 

3. Third, it can further avoid any measurement error subject the preform depends on the drawing rate. As the drawing 
to the any cfTccls due to contaminants, bubbles or the like speed increases, the outer diameter of the bare fiber and the 
remain in the optical fiber preform over some length as it fiber temperature at the outlet of the furnace increase. Of 
is drawn, shrinkage, and so on. it) course, to control the outer diameter of the finished optical 
This exact finished bare fiber diameter measurement is fiber depends on a preform diameter, structural factors of the 

another part of the present invention for robustly diameter drawing furnace such as a heating zone length, a size of the 

controlled optical liber. furnace outlet, a How rale and a kind of an inert gas. as well 

Because the main diameter change zone for the preform as a bare fiber diameter. Thus, during the fiber drawing 

root in forming the optical liber is the healing zone of ihe is process, monitor 10 measures Ihc outer diameter of the 

furnace, therefore it is better to have an outer diameter preform which is coming into the furnace, monitor 20 

measurement monitor immediately below the furnace in measures the outer diameter of the bare fiber which is 

order to reduce signal lag for the control. Thus, if there is coming out from the furnace, and monitor 40 measures the 

anything to limit the posit ion of the measuring device, it has outer diamcicr of the finished bare liber which is coming into 

been that the measuring device should not be directly 20 the coaling device. 

subjected to a strong radiation light from a below portion of Then, all these measured data are combined into an 

the furnace to avoid being healed to a remarkably high overall robust control system to form a fiber drawing speed 

temperature. control signal for capstans 13 and a preform feeding speed 

It is the best to consider all three measurement signals signal for the preform feeding mechanism 1, respectively, 

from the preform diameter measurement, the first bare fiber 25 Thus, an optical fiber having a better accuracy of the outer 

diamcicr measurement and die second finished bare fiber diameter of the optical fiber is produced. This outer diamcicr 

diameter measurement for generating a fiber drawing speed of the optical fiber is robustly controlled, 

control signal and a preform feeding control signal. It can be seen that the present invention is particularly 

It can also been seen that to combine the above mentioned effective in the drawing of the optical fiber at a very high 
first bare fiber diameter measurement and second finished .w drawing rate which is becoming faster and faster, 
bare diameter measurement signals alone into an overall Another embodiment of the present invention is shown in 
control signal is better than the method to combine the first FIG. 2. in which three outer diameter monitors above the 
bare fiber diamcicr measurement and the second coaled fiber coating device are monitor 10 for the preform diamcicr 
diameter measurement into an overall control signal which measurement at a position safely and immediately above the 
described in U.S. Pal. :No, 5,443,610 in order to robustly 35 furnace 3. monitor 20 for the bare fiber diameter measure- 
control the optical fiber glass diameter, i.e., the final bare mem at a position safely and immediately below the furnace 
fiber diameter. 3, and monitor 30 for the second measurement of the bare 

The preferred embodiments of the present invention are fiber at a position at which the diameter shrinkage range less 

described in the following figures with various combinations than 0.5%. Tins embodiment is suitable for improving some 

of the three above-mentioned measurement monitors lo 40 conventional methods which currently have an outer diam- 

produce robust diameter-controlled optical fiber during opti- eter monitor 30 al that position with a shrinkage less than 

cal liber drawing process. 0,57c as said in U.S. Pat. No. 5.073,179. The robust control 

FIG. 1 shows one most preferred embodiment of the system obtains the feedback signals from these diameter 

present invention, in which the numerical number 1 indi- monitors and controls the fiber drawing speed and the 

cates the preform feeding mechanism; 2 does the preform 45 preform feeding speed for producing robustly diameter 

for the optical fiber; 3 does a drawing furnace; 4 docs a fiber controlled optical fibers. 

cooling distance or a fiber cooling device: 5 does a bare fiber The third embodiment of the present invention is shown 

between Ihc furnace and the coating device; 6 docs a die for in FIG. 3. in which two outer diameter monitors above the 

resin coating applicator; 7 does a coated fiber; 8 does a coating device are monitor 10 for the preform diameter 

coating eoncentrity monitor; 9 does a curing device (a 50 measurement at a position safely and immediately above the 

furnace or lamps) for the resin: 11 does a final coated fiber; furnace 3, and monitor 40 for the outer diameter mcasurc- 

12 does a coating diameter monitor: 13 does fiber drawing ment of the finished bare fiber at a position safely and 

capstans; 14 does proof test (e.g., strength test); 15 does a immediately above the coating device. They provide control 

winding up device for the optical fiber; 10 does a preform system feedback signals to the fiber drawing process control 

diameter monitor. 20 does an outer diameter monitor for the 55 system for producing high quality optical fibers, 

bare fiber; and 40 docs an outer diameter monitor for the The fourth embodiment of the present invention is shown 

finished bare fiber. in FIG. 4. in which two outer diameter monitors above the 

The preform 2 which is heated and melted in the furnace coaling device are monitor 10 for the preform diameter 

3 is stretched under tension to form the optical fiber 11. measurement at a position safely and immediately above the 

which is drawn by capstans 13 and is taken up to spool 15 60 furnace 3, and monitor 30 at a position with a shrinkage ratio 

installed in the winding up device. less than 0.5%. The control system collects these measure- 

In FIG. 1, monitor 10 for the preform is located at a safe ment data and determines the fiber drawing speed and the 

position immediately above the furnace 3 in order to reduce preform feeding speed. 

the lime lead; monitor 20 for the bare fiber is located at a safe A further embodiment of the present invention shown in 

position immediately below the furnace 3 in order to reduce 65 FIG. 5 is to let monitor 30 in FIG. 4 can be adjusted based 

the time lag; and monitor 40 for the finished bare fiber is on the drawing speed, high or low. In the embodiment as 

located at a safe position immediately above the coating shown in FIG. 4, it takes time to detect the outer diameter of 
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the fiber which is under increase in its diameter in the case 
or small drawing rale, whereby a lime lag arises in ihe 
control. In the embodiment as shown in FIG. 5, when the 
drawing rate is small, detection of the outer diameter is 
carried out with the measuring device 31 and when the rate 5 
is increased, the detection is carried out with the measuring 
device 32. Alternatively, only one measuring device is used 
which can move along die optical tiber depending on the 
drawing rale. The rest pan in FIG. 5 is the same as ihe 
corresponding rest part in FIG. 4. such as monitor 10. to 

The sixth embodiment of the present invention is shown 
in FIG. 6. in which two outer diameter monitors above the 
coating device are monitor 10 for the preform diameter 
measurement at a position safely and immediately above the 
furnace 3, and monitor 20 for the outer diameter measure- 15 
inent of the bate fiber at a position safely and immediately 
below the furnace 3. The control system collects these 
measurement data and determines the fiber drawing speed 
and the preform feeding speed. 

Monitor 20 has the smallest lime lag than monitor 30 (or 20 
31 or 32). especially when the drawing speed is low. Monitor 

30 provides a higher accuracy of the out diameter of the 
optical fiber than monitor 20 when the drawing speed is 
high. However, monitor 40 has the highest accuracy of outer 
diameter measurement for the finished hare fiber, i.e., the 25 
optical iibcr glass diameter. 

A further variation of embodiments of the present inven- 
tion is shown in FIG. 7, in which two outer diameter 
monitors between the furnace 3 and the coating device 6, but 
no diameter monitor for the preform diameter measurement 30 
above the furnace 3. Here, one monitor is monitor 20 and 
another is monitor 40 at the same respective positions as 
above-mentioned. This method can solve the problem which 
described in U.S. Pal. No. 5.443.610 in a better way since 
the monitor 40 can provide a higher accurate measurement 35 
of the outer diameter of the finished bare fiber with a less lag 
time than monitor 12 can in the conventional methods. 

FIG. 8 shows another variation of embodiments of the 
present invention. In FIG, 8 monitor 20 and monitor 30 or 

31 or 32 have been selected. They are at the positions as 40 
above-mentioned respectively. This method can provide the 
control system a less lime lag informaiion of the ouler 
diameter of bare fiber from monitor 20 in addition to the 
information provided from monitor 30 or 31 or 32. It is 
really a new method to combine two previous separated 45 
conventional methods in order to get a more accurate outer 
diameter for optical fibers than any one of these two con- 
ventional methods individually. 

FIG. 9 shows a further variation of embodiments of this 
present invention. In FFG. 9 the process has only one 50 
diameter monitor 40 between the furnace 3 and the coating 
device 6. This method may be an alternative method with an 
advantage of accurate measurement of the outer diameter of 
the finished bare fiber and keeping a record of this specifi- 
cation for the product optical fiber. However, this method 55 
has a cost of time lag for the control system. 

Finally, FIG. 10 and FIG. 11 show two conventional 
methods of optical fiber drawing process respectively. 

FIG. 10 has only monitor 30 (or 31 or 32) for measuring 
outer diameter of bare fiber at a position at which the fit) 
shrinkage of the outer diameter is not larger than 0.5% (U.S. 
Pat. No. 5.073.179). 

FIG. 11 shows only monitor 20 for measuring outer 
diameter of bare fiber at a conventional position immedi- 
ately below the furnace 3. In this location monitor 20 65 
minimizes the time lag with a cost without an accurate 
measurement of the outer diameter for the final bare fiber. 



Finally, it should be pointed out thai for the above- 
mentioned embodiments of the present invention shown in 
FIGS. 1-9, a forced cooling device for the optical fiber may 
be provided between furnace 3 (or monitor 20 when it is 
selected in the embodiment) and coating device 6 (or outer 
diameter measuring device 40 or 30 when il is selected in the 
embodiment), whereby the cooling distance between them 
can be shortened and the time lag can be shortened as well. 
Such a construction is especially preferred since large scal- 
ing of the apparatus can be avoided and a prompt response 
can be obtained. 

As described above, according to the present invention, 
the absolute value of the outer diameier of the optical fiber 
can be not only measured correctly but also robustly con- 
trolled, whereby the optical fiber with better accuracy in its 
size is produced in face of fluctuations of the preform 
diameters, fluctuations of the furnace conditions, various 
disturbances and parameter perturbations, especially in a 
high productivity situation with increasing drawing speed, 
enlarging preform size and raising high performance of 
optical fiber during the optical fiber drawing process. Thus, 
this present invention provides robust diameter-controlled 
optical fibers during optical fiber drawing process. 

What I claim as my invention is: 

1. A drawing process for producing an optical fiber 
comprising the steps of: 

measuring either die ouler diameier or shape of a preform: 
feeding said preform at a feeding speed into a furnace to 

heat and melt said preform; 
heating and melting said preform; 
while healing and melting, drawing said optical fiber from 

said preform ai a drawing speed to form said optical 

fiber; 

measuring the outer diameter of said optical fiber at a 
position below the furnace: 

providing a control system with the measured outer 
diameter or shape of said preform, the measured outer 
diameter of said optical fiber, a predetermined preform 
value and a predetermined fiber value for controlling 
said drawing process; 

calculating a preform deviation of the measured preform 
diameter or shape from the predetermined preform 
value, and a fiber diameter deviation of the measured 
fiber diameter from the predetermined fiber value; 

generating control signals based on the combination of the 
preform deviation, the fiber diameter deviation, the 
measured preform diameter or shape, and the predeter- 
mined preform value for said optical fiber drawing 
process control; and 

adjusting the feeding speed of said preform and the 
drawing speed of said fiber according to said control 
signals; 

whereby said optical fiber drawing process is robustly 
controlled against deviations of ihe preform ouler 
diameter or shape at different locations and against 
deviations of various preforms. 

2. The process as claimed in claim 1, wherein the control 
signals are further based on the fiber measurement, and the 
predetermined fiber value. 

3. The process as claimed in claim 2, 

wherein the position of measuring the optical fiber is at a 
position at which shrinkage of the outer diameter of 
said optical fiber is not laiger than a predetermined 
allowable diameier deviation value of said optical fiber. 

4. A drawing process for producing an optical fiber 
comprising the steps of: 
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feed i rig ;i preform ai a preform feeding speed into a 
furnace; 

heating and melting the preform in the furnace; 

while heating and melting, drawing said optical fiber from 
said preform at a fiber drawing speed; 5 

measuring the outer diameters of said optical fiber, which 
is bare, at two or more different measurement locations 
by respective measurement devices before coating. 

wherein a first location is close to the furnace to provide 
a first measured bare fiber diameter, and to 

a second location is below the first location, at this second 
location shrinkage of the outer diameter of said optical 
fiber, while stretched under the drawing, is not larger 
than a predetermined allowable bare fiber diameter 
deviation value of said optical fiber, or the second 15 
location is immediately before coating to provide a 
second measured bare fiber diameter; 

coating said optical fiber; 

providing a control system with the measurement data 
from said measurement devices respectively at the 20 
different locations; 

calculating a firsi bare fiber diameter deviation of the first 
measured bare fiber diameter from a first preselected 
bare fiber diameter value; 

calculating a second bare fiber diameter deviation of the 25 
second measured bare fiber diameter from a second 
preselected bare fiber diameter value which is less than 
the first preselected bare fiber diameter value; 

generating control signals based on the combination of the 
first bare fiber diameter deviation and the second bare AO 
fiber diameter deviation for said optical fiber drawing 
process control; and 

adjusting the feeding speed of said preform and the 
drawing speed of said fiber according to said control 
signals. 35 

5. A control method for an optical fiber drawing process 
control including the steps of; 

measuring a preform outer diameter by a measurement 
device before a heating and melting stage; 

feeding the measured preform at a feeding speed into a -to 
furnace in the healing and melting stage; 

while healing and melting said preform, drawing said 
optical fiber from said preform at a drawing speed to 
change the geometrical size of said preform to form 
said optical fiber which is a bare optical fiber before 45 
coating; 

measuring said bare optical fiber by a first outer diameter 
measurement device located after said furnace to pro- 
vide a first bare fiber diameter measurement; 



,898 B2 

16 

measuring said bare optical fiber by a second outer 
diameter measurement device located after said first 
outer diameter measurement device and abGve a coat- 
ing device to provide a second bare fiber diameter 
measurement; 
coating said bare optical fiber in said coating device; 
providing the preform outer diameter measurement and 
the first and second bare fiber diameter measurements 
into a control system which controls said feeding speed 
of said preform into the furnace in the heating and 
melting stage and said drawing speed of said fiber; 
calculating a preform diameter deviation of the measured 
preform diameter from a preselected preform diameter 
value, and a first bare fiber diameter deviation of the 
first measured bare fiber diameter from a first prese- 
lected bare liber diameter value; 
calculating a second bare fiber diameter deviation of the 
second measured bare fiber diameter from a second 
preselected bare fiber diameter value which is less than 
the first preselected bare fiber diameter value; 
generating control signals based on the preform diameter 
deviation, the first bare fiber diameter deviation and the 
second bare fiber diameter deviation for said optical 
fiber drawing process control; and 
adjusting the feeding speed of said preform and the. 
drawing speed of said fiber according to said control 
signals. 

6. The control method in claim 5, wherein 
said control signals are further based on the measured 

preform diameter and the preselected preform diameter. 

7, The control method in claim 6. wherein 
the preform measurement device is located immediately 

above the furnace; 
the first outer diameter measurement device of said bare 

fiber is located immediately after said fumacc; 
the second outer diameter measurement device of said 
bare fiber is located immediately above the coating 
device; 

said control signals arc further based on the first measured 
bare fiber diameter, the first preselected bare fiber 
diameter, the second measured bare fiber diameter and 
the second preselected bare fiber diameter. 

***** 



